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A STUDY OF THE MOISTURE IN BUTTER.
G. L. MCKAY JOHN BOWER
INTRODUCTION.
The adoption of any standard of purity of butter requires a 
knowledge of the effects of the different constituents of butter 
upon its quality. This knowledge, in so far as the effect of dif­
ferent percentages of water is concerned, has been, up to the 
present time, somewhat meager.
In fixing the moisture standard considerable controversy 
has arisen as to whether or not 16 per cent is the most desirable 
amount. The evidence available goes to show that so far as qual­
ity is concerned, butter containing from 14^ to 16 per cent 
water is not inferior to that containing a lower percentage. But­
ter is not bought on a basis of its actual food value. This is 
confirmed by the high prices consumers are willing to pay for 
this article in comparison with prices paid for other equally nu­
tritious food products. The marked differences in value of but­
ter of different grades would indicate that butter is bought 
primarily as a relish. Its food value should not, however, be 
overlooked in a consideration of this question.
The importance of increased moisture content from the 
producers’ and manufacturers’ standpoint together with the 
classification of butter as a “ relish”  rather than on the basis 
of its actual food value tends toward the higher amount of moist­
ure. From 15 to 16 per cent it is claimed, is not too high for 
the best grade of butter. From the consumers’ standpoint 
smaller percentages would be desirable, provided it did not fall 
low enough to make the butter hard to spread. It would con­
tain more butter fat, and consequently more food value than the 
butter containing a larger per cent of water.
The uncertainty regarding the effect of increased water 
content on the keeping quality of butter, and the effect of meth­
ods of control on the flavor and texture of butter, tends also 
toward a lower percentage of moisture. On the other hand, it 
has been questioned whether a standard of less than 16 per cent 
would be high enough to cover all conditions, due to locality 
and seasons.
To b’etter study these problems a series of experiments was
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conducted at this station for the purpose of providing data 
which would form a basis of judgment on the points at issue. 
Along with the results of these experiments is presented mate­
rial which it is thought will be of assistance to creamery mana­
gers. The relation between the percentage of moisture and the 
score, together with the comparison of the keeping quality of 
butter containing different percentages of moisture, is here given. 
A  method of control is also presented. It was attempted to 
find out within what range of percentages a maker may hope to 
maintain the moisture content and keep within the lawful stand­
ard. Questions relative to this subject have already been dis­
cussed in previous bulletins from this Station.
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I RELATION BETWEEN MOISTURE CONTENT AND
SCORE.
In this work an endeavor was made to secure butter which 
would fairly represent the product of the creameries of the State. 
Table 1 shows the results of 107 analyses of butter received dur­
ing October, November, December and January. No induce­
ment was held out Jo makers, the object being to determine what 
they were doing in their every day make. Calls were issued to 
ship butter on a certain date. The butter as received was scored, 
analyzed, shipped to New York, rescored and the returns re­
mitted to maker. Citicisms with suggestions for improvement 
were also sent along with scores. The principal criticisms were, 
“ undesirable natural ripening,”  and “ made from cream of poor 
quality.”  With but few exceptions the butter was not scored 
down on account of poor workmanship as indicated by mottles, 
careless packing, and finish. Flavor seemed to be the dominant 
factor of the score and in general could be said to set the price 
when placed on the market. The following results were ob­
tained: TABLE 1 . ___________  '________
No.
Per cent 
Moist. Fat Curd
Salt
Ash
McKay
Score
N. Y. 
Score
Average
Score
Month 
Ree ’<L
1 11.30 85.47 1.66 1.57 94 90 92 Oct.
2 17.53 79.14 1.84 1.49 94 90 92 Oct.
3 17.70 78,88 1.30 2.07 90 88 89 Oct.
4 13.46 83.60 1.58 1.36 93 94 93 y2 Oct.
5 12.88 83.67 1.55 1.90 93 y2 94 93% Oct.
6 15.84 81.31 1.43 1,42 93 90 9iy2 Oct.
7 14.11 83.75 1.34 .80 95V2 95 95% Oct.
8 13.20 84.04 1.15 1.61 923/2 90 91% Oct.
9 13.38 84.75 1.07 .80 96 93 94% Oct.
10 12.62 .83.87 1.97 1.54 93 y2 93 93% Oct.
11 11.93 83.93 2.85 1.29 92 86 89 Oct.
12 15.11 80.15 2.69 2.05 92% 92 92% Oct.
13 13.44 81.89 2.87 1.80 93 89 91 Oct.
14 11.81 84.04 2.15 2.00 94% 94 94% Oct.
15 12.45 83.78 1.95 1.82 92y2 91 91% Nov.
16 13.22 82.60 2.54 1.64 92 88 90 Nov.
17 14.02 80.99 2.87 2.12 89 87 88 Nov.
18 13.60 81.23 2.28 2.89 84 85 84% Nov.
19 13.35 91.90 2.26 2.49 87 88 87% Nov.
20 13.09 85.59 2.47 1.85 90 90 90 Nov.
21 13.56 82.14 2.09 2.21 93 90 91% Nov.
22 12.14 84.50 1.75 1.61 91 87 89 Nov.
23 23.01 73.26 2.13 1.60 9iy2 85 88% Nov.
24 11.53 86.16 1.41 .90 92 86 89 Nov.
25 12.46 84.34 1.78 1.42 93 89 91 Nov.
26 13.00 84.04 1.44 1.52 93 - 88 90% Nov.
27 11.89 82.17 1.27 | 3.73 93 84 | 88% Nov.
'28 12.73 84.86 .91 1 1.50 95 9 a i 92% Nov.
29 15.76 79.40 2.21 ( 2.63 93 85 89% Nov.
The above samples were held five days at a temperature rang­
ing from 50 to 54° F. before being shipped to New York.
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No. PercentMoist. Fat Curd
Salt
Ash
1 McKay 
Score
N. Y. 
Score
Average
Score
1 Month 
1 Ree’d
30 12.70 84.41 .95 1.94 941/2 89 91% Nov.
31 13.60 83.94 .93 1.53 93 88 90% Nov.
32 15.07 79.63 1.40 3.90 91% 85 88% Nov.
33 13.70 83.02 2.23 1.05 911/2 86 88% Nov.
34 13.44 83.70 1.52 1.34 93 90 91% Nov.
35 15.11 81.01 1.54 2.34 90 85 87% Nov.
36 17.35 77.40 1.66 3.59 90 86 88 Nov.
37 16.45 79.60 1.23 2.72 86 83 84% Nov.
38 16.42 79.54 1.49 2.55 83 83 83 Nov.
39 15.29 81.57 3.14 .00 75 87 81 Nov.
40 14.05 82.98 1.21 1.76 90 88 89 Nov.
41 13.92 83.27 1.26 1.55 89 86 87% Nov.
42 12.56 84.20 1.12 2.12 91 86 86% Nov.
43 12.31 84.70 1.26 1.73 92% 84 88% Nov.
44 15.15 78.58 2.01 4.26 91 85 88 Nov.
45 13.14 83.39 1.22 2.25 91 87 89 Nov.
46 15.39 80.32 . 1.79 2.50 23% 92 92% Nov.
The above samples were held twelve days at a temperature 
ranging from 50 to 54° F. before being shipped to New York.
No.
Percent
Moist. Fat Curd
Salt
Ash
McKay
Score
N. Y. 
Score
Aver’ge
Score
Month
Rec’d
47 18.26 78.60 1.44 1.70 88 85 86% Dec.
48 12.28 84.71 1.75 1.26 88 89 88% Dee.
49 16.02 79.19 - 3.02 1.77 89% 90 89% Dec.
50 15.38 79.65 3.40 1.57 93 93 93 Dec.
51 13.02 83.24 2.21 1.53 93% 91 92% Dee.
52 13.65 82.71 1.79 1.85 91% 90 90% Dee.
53 14.61 81.29 1.17 3.39 92 92 92 Dec.
54 15.19 81.55 1.15 2.11 92 90 91 Dec.
55 15.19 81.55 1.1/ 1.74 92 93 92% Dec.
56 12.67 84.42 1.06 1.85 90% 91 90% Dec.
57 11.17 86.31 1.05 1.47 89 90 89% Dec.
58 12.07 83.38 3.65 .90 93 91 92 Dee.
59 14.20 82.62 1.45 1.73 91% 90 90% Dec.
60 13.46 82.86 1.35 2.33 91% 92 91% Dee.
61 12.28 85.17 1.15 1.40 93 91 92 Dec.
62 13.21 • 82.48 2.53 1.08 92 93 92% Dec.
63 13.58 82.63 1.35 2.44 93 93 93 Dec.
64 13.50 82.47 1.36 2.77 93 91 92 Dev.
65 11.08 86.14 1.37 1.41 94% 89 91% Jan. ’07
66 13.52 83.98 1.11 1.39 92 89 90% Jan.
67 12.63 84.75 1.14 1.48 88% 81 84% Jan.
68 13.54 83.11 1.35 2.00 92 93 92% Jan.
69 10.29 86.87 1.12 1.72 88 85 86% Jan.
70 12.33 83.67 .98 3.02 91% 84 82% Jan.
71 11.39 84.85 2.78 ' .98 82 82 82 Jan.
72 13.06 80.97 1.40 - 4.57 90% 89 89% Jan.
73 12.12 84.64 1.27 1.97 90 89 89% Jan.
The above samples were held five days at a temperature rang­
ing from 50 to 54° F. before being shipped to New York.
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No.
Per cent 
Moist. Fat Curd
Salt
Ash
McKay
Score
N. Y. 
Score
Aver’ge
Score
Month
Rec’d
74 13.52 83.98 1.11 1.39 92 89 90% Jan.
75 21.43 76.51 1.21 .85 84 85 84% Jan.
76 8.60 88.53 1.17 1.70 80 80 80 Jan.
77 14.63 82.40 1.10 1.89 91 86 88% Jan.
78 12.64 84.46 1.63 1.27 92% 86 89% Jan.
79 12.69 83.33 1.07 2.91 92% 84 88% Jan.
80 13.44 82.86 1.22 2.48 93 83 88 Jan.
81 13.09 84.22 .99 1.70 9 1 % 88 89% Jan.
82 12.99 83.99 1.45 1.57 85 90 87% Jan.
83 12.72 83.71 1.21 2.36 89 83 86 Jan.
84 11.26 85.07 1.02 2.65 91% 87 89% Jan.
85 12.10 84.20 1.80 1.90 87 • 87 87 Jan.
86 13.59 82.80 2.10 1.51 91% 86 88% Jan.
87 14.61 83.01 1.10 1.28 93% 87 90% Jan.
88 13.19 86.68 1.48 1.65 92% 86 89% Jan.
89 12.75 83.72 1.36 2.17 91 88 89% Jan.
90 11.72 84.94 .73 2.60 91% 88 89% Jan.
91 12.82 84.13 2.33 .72 93% 86 89% Jan.
92 15.04 81.00 2.11 1.85 90 87 88% Jan.
93 11.73 83.47 ' 1.87 2.93 92 84 88 Jan.
94 13.74 81.53 3.10 1.63 90% 85 87% Jan.
95 11.20 86.46 1.25 1.09 90 86 88% Jan.
96 11.68 85.58 .80 1.94 93 90 91% Jan.
97 14.76 81.61 1.08 2.57 94 ' 87 90% Jan.
98 11.80 84.39 1.89 1.92 93 86 89% Jan.
99 14 ..95 81.82 1.47 1.76 88 83 85% Jan.
100 11.73 83.18 3.32 1.77 87 85 86 Jan.
101 16.16 29.82 1.39 3.73 93 89 91 Jan.
102 14.27 82.23 2.38 1.12 90% 86 m m Jan.103 13.63 81.56 2.15 2.66 92 85 88% Jan.
104 12.19 83.67 2.30 1.84 91% 87 89% Jan.
105 14.35 80.93 2.86 1.86 92 88 90 Jan.
106 16.37 78.45 1.76 3.42 91 86 88 Jan.
107 12.81 84.63 1.12 1.44 90 84 87 Jan.
The above samples were held twelve days at a temperature 
ranging from 50 to 54° F. before being shipped to New York.
RESULTS.
Group L 11 samples or 10.3 per cent of those analyzed 
show a moisture content of over 16 per cent. Average score 
86. 68.
II. 11 samples or 10.3 per cent contain between 15 and 16 
per cent water. Average score 89.30.
III. 11 samples or 10.3 per cent contain between 14 and 15 
per cent water. Average score 89.84.
IV. 32 samples or 29.9 per cent contain between 13 and 14 
per cent water. Average score 90.30.
V. 42 samples or 39.2 per cent contain less than 13 per cent 
water. Average score 89.02.
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This would make a distinction in favor of moisture content 
of Group IV. of 1.28 points over those samples below 13 per cent 
moisture content and .56 points over those samples below 13 per 
cent moisture in turn scores .54 more than Group II, while Group 
I scores 1.34 lower than the lowest of the other groups. The 
lowest moisture content of any sample represented in the above 
analysis, is 8.6 per cent. The average score of this butter is 80. 
The highest is 23.01 per cent with an average score of 88^4 • The 
highest average score is 95/4- This sample shows a moisture 
content of 15.29 per cent. The month of October has a greater 
average score and at the same time has a slightly higher average 
moisture content. Tbc lowest score is in the month of January, 
when the moisture content is the lowest.
In report of the Iowa Educational Butter Contest, as given 
in Bulletin 80 of this Station, we find still different results. In 
this contest it may be concluded that quality was the first con­
sideration. Butter of high scoring qualities would be the aim 
of the maker. Grouping them as before we have the following:
Group I. 8 samples or 3.62 of the total number of entries 
exceed 16 per cent water. Average score 90.96.
II. 9 samples or 4.07 per cent contain between 15 and 16 
per cent, water. Average score 90.18.
III. 22 or 9.96 per cent of the total number contain between 
14 and 15 per cent water. Average score 89.63.
IV. 55 samples or 24.89 per cent contain between 13 and 14 
per cent water. Average score 90.84.
V. 127 samples or 57.46 per cent contain less than 13 per 
cent moisture. Average score 90.21.
Group I, which had the lowest score in the first comparison 
stands now above all other groups. Group IV  stands second, 
with Groups II and V about even. In these analyses are also 
noticed, in individual samples, evidence which is so extremely at 
variance with the results of the averages that it cannot be entire­
ly neglected in drawing conclusions. It is therefore, impossible 
to state that high water content— between 15 and 16 per cent— 
necessarily means a low score or that a low water content—below 
13 per cent—means a high score, or vice versa.
This conclusion is borne out by a study of the results ob­
tained at other stations. According to the first report of the 
educational contest conducted in Minnesota in 1907, one sample 
of butter contained between 9 and 10 per cent moisture with ? 
score of 92y2 ; 2 between 10 and 11 per cent with a score of 94; 9 
between 11 and 12 per cent with a score of 92.58; 36 between 12 
and 13 per cent with a seore of 92.99. Between 13 and 14 per 
cent moisture, 67 samples are found to have an average score of
8
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93.23; between 14 and 15 per cent, 40 samples have an average 
score of 93.12; from 15 to 16 per cent inclusive, 25 samples have 
an average score of 93.44; between 16 and 17 per cent, 8 samples 
have an average score of 93.19. The above samples were all 
supposed to have been taken from a whole milk creamery, and 
would naturally be a fair average of the best butter made.
In the Wisconsin educational scoring contest as found in 
the report issued during the month of June, 1907, 2 samples are 
found to contain from 10 to 11 per cent moisture, having an aver­
age score of 94.16; 14 from 11 to 12 per cent moisture having an 
average score of 93.65; 20 from 12 to 13 per cent moisture having 
a score of 93.51; 41 from 13 to 14 per cent moisture with a score 
of 93.84; 15 samples betweetn 14 and 15 per cent with a score 
of 93.57; 10 including 15 to 16 per cent at a score of 93.58; 5 
between 16 and 17 per cent at a score of 93.48; 1 between 18 and 
19 with a score of 92. In the 5 that scored between 16 and 17 
per cent 2 tubs scoring respectively 95.16 and 95.41 are found.
Taking these reports in conjunction with those of this Sta­
tion, the writers find that there is no definite relation between the 
score and the moisture content. Further, there are factors other 
than moisture content which exert a predominating influence in 
controlling the quality of butter. These are believed to be the 
quality of the raw material and the fermentation to which it is 
later subjected.
In regard to keeping quality as represented by difference in 
scores between those at this Station and those at New York, fig­
ures might be shown which would serve as material in favor of 
either high or low moisture. No positive conclusion, however, 
may be drawn. The difference in raw matrial used, as well as 
variations in salt and casein present would prevent this being 
done.
9
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II. THE KEEPING QUALITY OF BUTTER CONTAINING 
DIFFERENT PERCENTAGES OF MOISTURE.
It is sometimes claimed that butter containing a low moist­
ure content will keep better than that which contains two or 
three per cent more water. In certain processes, such as the 
drying of fruit, the elimination of moisture is the main feature 
in insuring keeping quality. To what extent a 2 or 3 per cent 
decrease in moisture content affects favorably the keeping quality 
of butter is the point at issue.
Viewing the question from a bacteriological standpoint it 
would seem that there might be some harmful effect on account 
of the increased moisture content. Professor F. W. Bouska, of 
this Station, has made some tests of the bacteriological effect of 
various waters on milk, cream and butter. The results of these 
experiments are here given:
I. Most waters, produce flavors in pasteurized milk and
cream. -
II. In pasteurized cream with a starter added, and in raw 
cream, only some waters produce flavors.
III. Flavors are usually produced in butter from unrip­
ened cream and in unsalted butter, but only by some waters in 
salted ripened cream butter.
IV. Waters containing bacteria will not necessarily produce 
bad flavors. To accomplish this the bacteria in question must 
be able to grow in competition with other bacteria in the presence 
of salt and lactic acid.
From these results it may be concluded that the production 
of undesirable flavors in butter as affected by water present is not 
dependent upon the amount of water in butter, but rather upon 
the kind and number of certain bacteria, found only in  that water. 
The keeping quality of butter as affected by wash water has al­
ready been treated in Bulletin No. 138 of the Kansas Station and 
Bulletin No. 71 of this Station. The results of these experiments 
go to show that the keeping quality of'butter is unfavorably af­
fected by use of wash water. The work done was not extensive 
enough, however, to make the conclusions applicable to all con­
ditions. As it is the common practice to wash butter in any case, 
a difference of two or three per cent in the moisture content 
would not enter in as an important factor.
The following experiment relative to the keeping quality 
was conducted by the writers at the Strawberry Point Cream­
ery, Strawberry Point, Iowa, during the month of July, 1907. 
Over 50,000 lbs. o f milk were received and separated daily. Lots 
2, 3, E, B, D, C, H, and F, were not pasteurized. The remain­
ing lots were pasteurized at a temperature of 160 to 170 degrees
10
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F. A  12 per cent starter was used. The cream was gradually 
cooled to 52 degrees F., the cooling process being completed 
about noon. It was then held till the following morning. From 
the same vat were taken two lots of cream. These were churned 
in such a manner as to give a variation in percentage of water. 
No attempt was made to increase the moisture content as two 
weeks’ preliminary analyses of butter made at the creamery 
showed that at that season of the year no special means were re­
quired to obtain a high moisture content. In fact a few of the 
churnings exceeded 16 per cent by a few tenths.
The butter was churned to a granular condition. It was 
then washed, the churn being given from eight to ten revolutions 
in the fast gear. The salt was next added and the churning 
completed in a single working. It was found necessary, however, 
in order to obtain butter with a low moisture content, to use low 
temperatures and small churnings. The butter was worked at 
intervals and thoroughly drained between workings. The cream 
used contained from 37 to 39 per cent butter fat. Salt was added 
at the rate of three-fourths ounce per pound butter fat. The 
churns used were Victors, size E, capacity 800 pounds. The fol­
lowing table gives a more complete record of the several churn­
ings :
Vat
No.
Churn
No.
Amt. in 
Gallons
Time
in
Min.
Acidity
Churn­
ing
Temp.
Butter
Milk
Temp.
\7ash
Water
Temp.
Moisture, 
Per Cent
2 1 230 60 .69 57 62 52 14.93
2 2 160 95 .69 46 54 51 12.74
1 4 200 35 .66 56 61 52 14.97
1 5 100 90 .66 46 54 51 13.60
2 7 200 30 .64 58 62 52 15.84
2 6 100 85 .64 46 54 52 13.52
1 8 200 35 .73 58 61 51 14.94
1 9 100 80 .73 50 56 51 14.02
2 10 '200 37 .84 59 62 51 15.53:
2 11 . 80 90 .84 46 54 51 14.15
2 Ei 200 36 .76 58 62 51 13.41
2 B 80 100 .76 44 53 61 12.28'
1 D 200 34 .74 58 62 53 14.89
1 C 100 110 .74 45 54 . 52 12.85
2 H 175 65 .58 56 62 58 14.27
2 F 150 130 .58 57 62 51 12.64
1 J 200 50 .58 57 62 51 13.44
1 K 100 100 .58 48 . 56 51 12.64
2 M 200 45 .69 58 62 51 14.69
2 L 100 7 .69 46 54 51 11.39
1 0 200 36 .64 56 61 52 14.30
1 R 100 110 .64 48 52 52 12.26
. 2 T 200 40 .68 57 62 52 14.95
' 2 P 100 120 .68 46 52 52 11.75
A 1 200 95 .68 50 54 50 15.50
From each of the above churnings were taken two tubs of
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butter. These were sent to New York. ' One set was scored and 
sold immediately. The remaining tubs were kept in cold storage 
and scored six months later. From each churning were also 
taken two 56-bound boxes of the type used by Canadian manufac­
turers in shipping butter to Great Britain. They were shipped 
by the way of Chicago and Montreal to the London, Manchester, 
and Liverpool markets. They were there scored according to 
the American method, points being given for flavor, body, color, 
salt, and finish. The reports from the several markets were 
favorable to the quality of butter, .some of the lots scoring per­
fect in all points. The prices received on the English market 
were uniformly lower than those obtained at New York.
It is evident from scores returned that the dealers there 
were not used to American methods of scoring. A  difference 
of three points on salt, five on color and seven on body was found 
in butter from the same churning. A  difference of a few points, 
in one or two instances, was also made on flavor.
Below are given the averages of scores received. Flavor 
and body alone are taken into consideration.
| HIGH MOISTURE LOW  MOISTURE
1 Flavor | Body | Flavor Body
Liverpool ......................... ................. 1 40.8 22.5 | 42.0 25.0
London ........................... ................. j 39.8 18,7 37.4 28.1
Manchester ..................... . . . . . . . . . :-..j 35.1 22.5 36.4 24.7
Average ............... . ........... 38.5 21.2 | 38.6 22.6
It may be noted that the butter containing the lower mois­
ture content scored .1 per cent more on flavor than the butter 
with the higher percentage of water. Lot B, which contained 
12.28 per cent moisture, was marked “ fishy,”  the only lot where 
any particular comment was made on flavor. Butter from cream 
out of the same vat containing 14.89 per cent water was not re­
ported as showing this defect. The writers are rather at a loss 
to understand why the butter with the lower moisture content 
was scored higher on body. Evidently the judges were inexpe­
rienced in marking this point. Lot L, containing 11.39 per cent 
water, was scored off six points on body. It is not believed by 
the writers that such a severe cut should have been made on any 
of the lots of butter as evidenced by their condition at the place 
of manufacture and the score received at New York. Neither is 
it believed that the fishy flavor reported on Lot B is due to low 
mosture. There were probably other unknown causes which 
contributed to the production of this flavor.
The following table shows the scores when received at New 
York and scores of the same butter six months later. Points 
on color, salt and finish are not given as all the lots were scored 
perfect in these particulars. That a better judgment might be
12
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made in scoring the butter, it was taken out of cold storage and 
held in the regular sales room for four days before being scored.
P. H. K e i f f e r ’s  S c o r i n g , 
Aug. 9, 1907
P. H. K e i f f e r ’s a n d  
G. L. M c K a y ’s  S c o r ­
i n g , F e b . 12, 1908
Per cent 
Differ- . 
• ence 
Water 
Content
Differ­
ence in 
ScoreChurn 1 
No. 1
Vat
No. Flavor Body Flavor Body
Water
Content
1 2 38 25 | 38 25 14.93
2 2 38 25 38 25 12.74 1 2.19
4 1 38y2 24y2| 38% 24% 14.97
5 1 . 39 25 39 25 13.60 1.37
6 2 | 39 25 38 25 j 13.52
7 2 39 25 39 25 15.84 2.32 1.00
8 . 1 39 24% 39 24% 14.94
9 1 38 25 38 25 14.02 .92
10 2 38 .25 38 25 15.53
11 2 38 25 38 25 14.15 1.38
E 2 38 24% 38 25 13.41
B 2 38 25 38 25 12.28 1.13 .50
D 1 38 25 38 25 14.89
C 1 38 25 38 25 12.85 . 2.04
H 2 37 25 37 25 14.27
F 2 37 25 37 25 11.79 1.48
J 1 38 25 38% 25 13.44
K 1 38 25 38 25 12.64 .80 .50
M O 38 25 38 25 14.69 1
L 2 39 25 39 25 11.39 | 3.30
0 1 39 25 39 25 14.30 1
R 1 40 25 39 25 12.26 1 2.04 1.00
T 2 38 25 38 25 14.93 1
P 2 38 25 38 25 11.75 | 3.18
A 1 38 25 38 25 15.50 1
AVERAGE
H i g h  M o i s t u r e Low M o i s t u r e
Flavor Body Flavor Body
1st Scoring................................... 38.17 24.88 38.33 25.00
2nd Scoring................................ 38.25 24.92. 38.17 25.00
Difference . ............................. .08 .04 .16 .00
Taking the average results given there is a slight gain in 
points given for flavor in favor of the butter containng the higher 
percentage of water. There is also shown a slight gain in points 
given for body. The butter containing the lower moisture con­
tent appears from the scores given to have lost slightly in flavor, 
two of the samples being scored off one point. These slight dif­
ferences may be attributed in part to difficulty in placing judg­
ment on samples submitted. It may be concluded that a differ­
ence of two or even three per cent, between the ranges of 11 and 
16 per cent, does not affect the keeping quality of butter.
The excellent condition in which the butter came out of
13
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storage can only be attributed to the high quality of the milk 
used at this creamery. The pasteurized lots scored somewhat 
better than those not pasteurized. In the above experiment, no 
attempt was made to control the moisture other than to obtain 
churnings containing different percentages of moisture. Con­
trary to opinion expressed by some writers that only 14.5 per 
cent moisture could be obtained by churning in the granular 
condition, as high as 15.8 per cent was obtained. A  few churn­
ings, as was stated above, showed slightly over 16 per cent. This 
fact should not be overlooked in forming judgment on the sub­
ject. During the summer season, when the percentage of soft 
fats shows an increase and when a rich cream is being churned, 
the percentage of water in butter in some localities will, unless 
carefully watched, exceed the 16 per cent legal standard. Makers 
in whole milk creameries separating cream containing from 40 
to 45 per cent butter fat and using a sniall starter are very 
liable to exceed this limit at that time.
Even during the winter season, when rich cream is being 
churned in the Victor churn over 15 per cent may readily be 
obtained. The following table shows results obtained during 
the Short Course in Dairying, 1907-1908, at this Station. The 
butter was not washed, but thoroughly sprayed with water at 
the temperature indicated in the table. The cream was obtained 
from Randall Creamery, Randall, Iowa, a whole milk plant. As 
received, it tested from 42 to 45 per cent. This was pasteurized 
in the evening at a temperature of 160 to 170°. A  starter was 
added and cream churned next morning. It was salted in the 
granular condition._____ pit______ - ' .
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Dec. 31 Vic. 1283132.5 412 58 59 54 14 518 22 15.8
Jan. 3 Vic. 1343 36.5 490 58 59 53 13 600 22.5 15.9
Jan. 6 Vic. 1435134.5 495 1 57 58 54 13 609 23 15.3
Jan. 7 Vic. 1204133.5 403 P 57 58 54 13 499 23 15.9
Jan. 10 Vic. 910 33 3Ó0 57 58 58 18 375 24 15.7
In regard to the above butter, P. H. Keiffer, Butter Expert, 
New York, writes: “ I am very much pleased to be able to 
report that the butter which you shipped us this winter, made 
from cream obtained from the Randall Creamery during the 
I Short Course/ was very fancy, and scored from ninety-three to 
ninety-six points. Very little butter arrived at that time as fin® 
in flavor as this. Our best trade was well pleased with your 
butter. I wish that more of the creameries were making this 
high quality butter at the time of year when it is so difficult to 
make it. The workmanship was perfect in every respect, so far 
as I could see, and the flavor was fine.”
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III. A METHOD OF CONTROL.
So far experiments have dealt with the different factors that 
influence the water content of butter. The following experi­
ments deal with the methods of controlling the water content. 
As may be noted in the foregoing tables, where a rich cream is 
being churned between 14 and 16 per cent moisture may be ob­
tained by the ordinary methods of churning. Where thin cream 
is used, it is more difficult to obtain a uniform high water 
content.
In many cases the water content runs below 12 per cent, 
especially in the winter months. Butter fat then has a very high 
commercial value and creamery operators can least afford to 
manufacture butter with a low moisture content because of the 
increased cost of manufacturing at that season of the year. A  
difference of 4 per* cent, as. is shown in some eases, means 40 
pounds extra fat to be paid for in every 1000 pounds of butter 
manufactured. At 30 cents per pound, the price at this season, 
it would mean an increased cost of $12 per day for raw material 
in a creamery where that amount is made. Whether 13, 14, 15, 
or 16 per cent is recognized as the legal standard of moisture in 
butter it is obvious that there is a need of some method of 
controlling this variable constituent during the manufacturing 
process.
In the following experiments are to be found data bearing 
on the control of moisture in butter. In these experiments three 
churns were used, Victor size C, Simplex 3, and Disbrow 3. 
With a 25 per cent cream these churns have a capacity of about 
500 pounds, 250 pounds, and 550 pounds, respectively. In no 
case was overchurning practiced. The aim was to get a complete 
gathering of fat, without precluding the possibility of removing 
the buttermlk. The granules, on completing the churning, 
might be described as having an irregular minute granular 
condition collected loosely into larger irregular forms. This 
allowed of thorough washing of butter to get rid of the butter­
milk, and at the same time reduced the loss of fat in the butter­
milk. Tests from time to time showed from .05 per cent to .12 
per cent. The butter was first sprayed. It was then washed 
thoroughly, using about as much water as buttermilk. The 
water was then removed and fresh water added. Then the 
rollers were put in motion and butter worked in the water, using 
slow gear. In the Victor and Disbrow churns about forty gal­
lons of water were used for the second wash water. In the 
Simplex, water was added until it occupied that portion of the 
churn below the lid.
At first no attempt, was made to closely control the factors 
which affect the moisture content, but rather to obtain data upon
15
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which to base further experiments. In this work gathered cream 
was used. After the first few churnings all the cream was pas­
teurized at a temperature ranging from 165 to 185° F. From 
5 to 15 per cent starter was added and in most cases immediately 
cooled to churning temperature. It was then held over night 
and churned the following morning. A  record of the churning 
was kept and butter analyzed for moisture by the “ Official 
Method. ’ ’
Tubs of butter made were used in the print trade. This 
allowed for an examination of the butter for texture and grain. 
With few exceptions, it was found upon opening the butter for 
inspection after it had been held in refrigerator at a tempera­
ture of from 50 to 60° F. that the method used did not destroy 
the grain nor body of butter. The granules showed a slightly 
flaky appearance yet could not be faulted. Butter with over 
16 per cent moisture had a somewhat pale, smeary appearance. 
This was particularly noticed when 18 or 19 per cent was reached.
The factors which have the controlling influence upon the 
moisture content by a study of the following data, are churning 
temperature, per cent fat in cream, amount in churn and the 
number of revolutions used in working moisture into butter. 
The number of revolutions used in working in the salt, and 
temperature of wash water, also have an influence. Other fac­
tors, such as percentage of hard and soft fats due to climatic 
or feed conditions, together with previous temperature effects on 
butter fat, also enter vitally into the equation. The last but not 
the least of these factors is the operator of the churn. He it is 
who has control of many of the other factors; and he determines 
the final result. The record of the several churnings in tabu­
lated form is given herewith.
16
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The above table shows a range in moisture content of from 
12.33 to 19.76 per cent, with a considerable number ranging from 
14 to 16 per cent. A  noticeable point is that, outside of the 
effect of temperature in the method used, the amount of cream 
in the churn and the richness of the cream have considerable in­
fluence in determining the per cent moisture content. This in 
part may be explained by the fact that as the fat globules unite 
the greater is the concussion in the churn and consequently more 
moisture is expelled. In a small churning the concussion is at 
its maximum. On the other hand in a larger churning the small 
fat globules as they unite and reunite to form the grains of 
butter are not subject to same concussion, consequently in the 
gathering process more moisture is retained. The butter, having 
on completion of churning a greater percentage of moisture in 
the larger churning because of minimum concussion, does not 
require so much working in the second water to insure a high 
moisture content. A  cream with a high fat content will also 
have on completion of churning a higher moisture content and 
consequently will not require so much working in second wash 
water. This might be explained by the quicker union of fat 
globules, because of a greater proximity. Water is, therefore, 
retained which might otherwise be expressed if the fat globules 
united more slowly. They are more loosely held together than 
if subject to the maximum of concussion such as would be found 
in a smaller churning. In very small churnings the expression 
of moisture is increased during churning process by violent im­
pact of collecting granules of butter fat against interior portions 
of churn.
In the method used the increased moisture that can be in­
corporated in butter is dependent upon the amount of butter 
passing through the rollers of the worker, £md the amount of 
water present during the working process. A  large amount of 
butter, because it fills the carrying shelf and thus prevents the 
water which is being carried up with the butter from leaking 
back into body of churn, requires less working. Partly for the 
same reason might be explained the difference in number of rev­
olutions required by different churns during the working in 
water. In the Victor the butter passes through the rollers before 
it is entirely out of the water. In the Simplex the butter is 
carried well up the side before passing through the working 
process. The Disbrow is much the same except that the carrying 
shelf is narrower, and there is a space between the shelf and the 
inner circumference of churn. This allows of greater loss of 
water as the butter is being carried up to the worker, and con­
sequently there is less water present during the working process. 
Both Disbrow and Simplex lose considerable water while the 
butter is passing from the carrying shelf to the worker. This
18
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difficulty may be overcome in part in the Disbrow by the use of 
much water in the body of the churn during the working process, 
and in the Simplex by allowing a stream of water to play upon 
the butter while it is being worked.
The number of revolutions, however, is not a criterion as 
to the actual amount of working the butter received in each 
churn. Neither can the actual effect of the working process .on 
the body of the butter be shown by the comparison of the number 
o f revolutions. This depends upon the provision made for this 
purpose in the several churns, which vary somewhat in con­
struction.
Should the above method of controlling water in butter be 
commonly adopted it may lead to some modification in the con­
struction of churns. With a careful workman, however, this 
method may be successfully used with any churn. That churn 
which will do the work with least effect on the body of butter 
is to be preferred. Other churns not used in the experiment are 
also adapted to this method, some showing in their construction 
some advantages which would make them slightly more suitable 
than others.
The following table gives the record of twenty churnings 
where an effort was put forth to control the moisture content. 
In this work it was aimed to maintain the moisture content as 
close to 16 per cent as possible. It was attempted to simulate 
average methods. A  certain variation in churning temperature 
is common practice, particularly where modern means of con­
trolling temperature is not a part of creamery equipment. Va­
riation in temperature of wash water is not uncommon. On the 
other hand the variations.in richness of cream would not be so 
marked in most creameries.
Gathered cream was used. The fat content of cream used in 
Simplex ranged from 19 to 31 per cent; in the Disbrow, from 19 
to 26 per cent; and in the Victor, from 21 to 26 per cent. The 
greatest difference in weight of cream used amounted to 776 
pounds in the Victor, 497 in the Simplex, and 816 in the Dis­
brow. In pounds butter-fat there is found a difference of 170.4 
in the Victor, 201.7 in the Disbrow, and 103 in the Simplex. 
Such extremes of variation would not be commonly found in 
every day creamery practice. On the other hand, it is probable 
that greater care in accuracy of work and in the matter of taking 
and recording temperatures was exercised.. The pasteurization 
of cream would make more constant the physical condition of fat 
globules as they were subjected to the churning process. Many 
creameries do not pasteurize cream, and so previous temperature 
effects would be more of an uncertain influencing factor than 
where pasteurization is practised.
The following results were obtained:
19
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Vie Jan 13 755 25.5 192.5 50 52 44 15 44 14 54 14 235 22.0 15.81
Vie Jan 14 833 21.5 179.0 52 54 47 15 54 12 54 14 220 22.9 15.42
Vic Jan 25 863 26. 224.3 54 56 54 10 54 11 54 14 275 22.6 14.62
Vic Jan 30 1314 21. 275.9 56 56 53 10 53 14 53 16 341 23.4 16.10
Sim Jan 30 532 23. 122.3 51 54 56 15 53 22 53 '12 151 23.4 15.52
Dis Jan 31 519 19. 98.6 56 58 58 10 52 27 54 14 119 20.6 14.34
Sim Feb 2 638 20. 127.6 54 57 48 16 48 24 54 14 154 21.4 15.71
Vie Feb 4 538 23. 123.7 51 52 46 11 46 15 54 15 153 23.6 15.92
Sim Feb 6 467 26. 121.4 56 58 48 12 48 20 54 14 150 23.5 15.63
Vic Feb 7 1316 22.5 296.1 54 56 46 11 46 11 54 14 365 23.3 15.54
Vic Feb 14 1101 23. 253.2 52 54 48 12 48 14 54 14 310 22.4 15.02
Sim Feb 20 620 29. 179.8 57 60 50 20 52 18 54 12 223 24. 15.89
Sim Feb 21 622 22.5 139.9 54 56 50 17 50 24 50 14 16.30
Dis Feb 21 1335 22.5 300.3 56 57 52 7 52 25 52 15 366 21.9 15.12
Dis Feb 23 725 19. 137.7 54 56 25 52 16 167 21.2 14.42
Dis Feb 27 740 26. 192.4 56 58 48 12 48 20 50 14 237 23.1 13.73
Sim Feb 29 248 31. 76.8 54 56 53 11 53 18 53 14 94 22.4 14.41
Sim Meh 4 507 23. 116.6 49 52 52 15 52 25 55 14 145 24.3 15.62
Sim Meb 5 745 28. 208.6 53 54 52 15 52 20 52 17 262 25.3 16.03
Sim Mcb 12 523 28. 146.4 54 56 52 12 52 25 52 15 181 23.6 14.88
These results might he noted.
If Three of the records show an excess of moisture (over 
16 per cent). Two of these are within the limit of possible error 
in sampling the butter ; the third would be liable to criminal 
prosecution.
II. The average moisture content is 15.29 per cent.
III. The records show a range from 13.73 to 16.30 per cent, 
a difference of 2.57 per cent.
In using the three different makes of churns, the close con­
trol of moisture is extremely difficult. In order to keep within 
the limit of 16 per cent it would be necessary to leave a margin 
of at least one per cent. In other words 15 per cent moisture 
content is as much as the maker should attempt to incorporate.
Where the several factors are more directly under the con­
trol of maker, and where the same type of churn is used day by 
day, it is possible that he could safely aim at incorporating 15.5 
per cent, but such is not possible except under the most favorable 
circumstances and by a maker of excellent judgment. Extreme 
care would have to be exercised in every step. The extra atten­
tion required would be well repaid, however, by the extra quan­
tity of butter made from a given amount of fat.
Below is given complete analyses of 10 churnings. These
20
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records were obtained from C. H. Cleveland of Mason City to 
whom the thanks of the writers are due. They show every day 
work in a creamery.
No. 1 No. 2 No. 3 No. 4 No. 5
Fat ............................... 82.77 82.78 80.07 80.63 1 80.79
Moisture ....................... 14.62 14.27 14.74 15.25 15.65
Salt ....................... . 2.13 2.19 3.51 3.15 | 2.56Curd ............................. .48 .76 .88 .97 1.00
No. 6 No. 7 No. 8 No. 9 No. 10
Fat ............................... 82.68 81.87 83.18 81.83 80.79
Moisture ....................... 14.07 14.99 14.14 15.25 15.65Salt ........................... 2.17 2.05 1.93 3.15 2.56Curd........................... 1.08 1.09 .90 .97 1.00
These analyses show a range from 14.07 to 15.65 per cent, 
with an average of 14.86 per cent. The results are well within 
16 p<Jr cent, the present standard for moisture in butter. They 
further prove that under ordinary factory practice close control 
of moisture is as yet not very certain. The analyses do not 
show the records of the churning but are likely fairly representa­
tive of average conditions, and the ordinary variations of in­
fluencing factors which make control difficult. Were a large 
number of churnings given, there would probably be more varia­
tion shown in the percentage moisture content, although the 
extremes of low and high moisture content might not be ex­
ceeded. Certain it is that where creameries are not supplied 
with the necessary machinery to control the temperature, where 
no attention is paid to the other factors and where unskilled men 
are employed, there can be no control of moisture.
The importance of this latter factor, that of labor employed, 
might well be emphasized. The maker who can increase the 
moisture content one per cent only uses 10 pounds less butter 
fat for every 1000 pounds butter made. Valued at 25 cents a 
pound it would mean $2.50. I f  the make amounted to 1000 
pounds daily it would mean increased profits of $75 a month, 
and twelve times that in a year. With an accurate test for 
moisture in the hands of an intelligent maker there is no reason 
why the moisture content of butter should not average about 
15 per cent. Many makers are already using with fair success 
the system described above. The method is not a new one, but 
it is one than can be recommended.
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Vie Jaxx 27 1347 26.5 356. 56 .21 57 8 52 11 60 14 460 15.9
Sim Jan 27 475 22.5 106.8 56 .2 54 8 52 19 60 18 137 15.1
Sim Jan 29 652 20. 130. 58 .25 54 6 52 18 58 16 167 15.6
Sim Feb 4 545 22.5 122. 58 49 7 50 16 58 14 130 15.6
Vic Feb 4 672 24. 161. 58 49 6 49 10 58 13 216 15.1
Vie Feb 5 1017 23.5 239. 58 50 6 50 10 60 16 299 15.3
Sim Feb 7 660 19.5 128. 58 51 8 51 16 58 14 179 15.9
Yie Feb 10 969 25.5 246. 58 .15 50 5 52 14 58 13 264 15.4
Sim Feb 10 653 24.5 160. 58 .14 50 8 50 18 58 17 191 15.2
Yic Feb 13 673 27.5 183. 60 .16 48 4 48 10 58 13 219 15.8
Vie Feb 15 882 24. 211. 56 .18 52 8 52 12 58 13 287 15.6
Sim Feb 15 530 27. 143. 56 .19 51 2 51 16 58 17 173 15.8
Sim Feb 17 621 27.5 170. 56 56 1 8 50 22 57 20 202 15.2
Vie Feb 21 841 18. 151. 56 55 8 54 12 60 14 212 15.8
Sim Feb 22 482 22. 106. 55 58 8 56 17 58 13 214 15.2
The above table is taken from records of churnings at the 
College creamery. They represent the work of Herman Horne- 
man, Instructor in Dairying.
It is not to be expected, however, that the results tabulated 
in the above tables are true of all conditions, in every state and 
at all seasons. It would be necessary to keep a careful record of 
daily churnings, with water, analyses, in order to get data suitable 
to any particular set of conditions. A  record such as is given 
above, with other data relative to character of cream and quality 
of butter made, should form a part of the maker’s work if he 
is to meet with success.
In all cases extreme temperatures should be avoided, though 
no set temperature can be recommended because of the multi­
plicity of conditions. Large churnings, rich cream, cream which 
has been subjected to uniform conditions, such as cream of whole 
milk creameries, are favorable factors in control. With a small 
churning too much working injures the body of the butter. 
Overworked butter is not desirable nor will the extra quantity 
obtained in this way offset the decreased value of such butter 
when placed on the market.
In no case can overrun be depended upon to give the per­
centage of moisture in the butter made. Even where the same 
methods are followed from day to day, the other constituents of 
the butter are somewhat variable. Where the test is not read 
closer than one per cent, as is common practice in some cream­
eries, there may be a variation of two or more per cent in the
22
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overrun. For example, if 1000 pounds of cream testing 20 per 
cent be churned, and 250 pounds of butter made, the following 
results are obtained.
1000 pounds of cream testing 20 per cent contains 200 
pounds of butter fat.
250-200
200
50
200 T  or 25 per cent.
Suppose the test, through improper sampling or other 
causes was read 21 per cent, this result is found:
250-210
210
4
2 l  or 19.04 per cent.
A difference of nearly 6 per cent even though there is the 
same percentage of moisture in butter. I f  y2 of 1 per cent error 
is made, or where y2 of 1 per cent is not taken into account, the 
difference in overrun is over 3 per cent.
Butter made in manner described above stands on a par 
in the leading markets of the United States with other butter 
where no method of control is used. Where 16 per cent is ex­
ceeded, or where butter is overworked ,as would be the case 
under favorable conditions, defects in body are apparent. Other­
wise, judging it when made or a week later, no fault could be 
found in it that could be attributed to method used.
Attention might be drawn to the following points. These 
may not be properly classed as conclusions, but rather as obser­
vations made by the writers in conducting the above experiments.
1. It is extremely difficult, if not impossible, to distinguish 
four per cent difference in moisture content by appearance alone.
2. Leaky or slushy butter does not mean butter of high 
moisture content.
3. In successful creamery management the necessity of 
control of moisture in butter is imperative no matter what stand­
ard is adopted.
4. Overrun is no indication of moisture content.
5. Careful and accurate daily records are. essential to any 
system. Records of one creamery may not be suitable for another.
6. Makers should allow themselves sufficient margin that 
there may be no possibility of exceeding the standard set by law.
7. The immediate quality of butter made as described was 
equal to that made by other methods now in common practice 
where control of moisture is not attempted.
These conclusions may be briefly stated, to some of which 
attention has already been drawn.
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I. The score and the moisture content bear no definite rela­
tion to each other. The quality of the raw material and the fer­
mentations to which it is later subjected determine largely the 
score of butter.
II. Between the range of 11 and 16 per cent the keeping 
quality of butter is not affected by the variation in the moisture 
content.
III. It is possible to control moisture so that a variation 
exceeding 1 per cent above or below a safe margin need not be 
exceeded. Under favorable conditions it need not be more than 
1 per cent.
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